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Abstract
Purpose—To investigate the associations of rotating night shift work history and sleep duration 
with risk of colorectal adenoma.
Methods—We evaluated 56,275 cancer-free participants of the Nurses’ Health Study II, who had 
their first colonoscopy or sigmoidoscopy between 1991 and 2011; rotating night shift work and 
sleep duration were reported by mailed questionnaire. Multivariable-adjusted logistic regression 
was used to estimate relative risks (RR) of colorectal adenoma, with 95% confidence intervals 
(CI), across categories of rotating night shift work history (none, 1–4, 5–9, and ≥10 years) and 
sleep duration (≤5, 6, 7, 8, and ≥9 hours/day).
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Results—We found no association between duration of rotating night shift work and occurrence 
of colorectal adenoma (p-trend across shift work categories=0.5). Women with the longest 
durations of rotating night shift work (≥10 years) had a similar risk of adenoma compared to 
women without a history of rotating night shift work (multivariable-adjusted RR: 0.96, 95% CI: 
0.83–1.11). Similarly, there were no associations of shorter or longer sleep durations with 
adenoma risk (p-trend=0.2 across sleep durations of ≤5 through 7 hours/day, and p-trend=0.5 
across sleep durations of 7 through ≥9 hours/day). Results were similar when we examined 
associations according to adenoma location and subtype.
Conclusions—Our results do not support an association between rotating night shift work or 
sleep duration and risk of colorectal adenoma in women.
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INTRODUCTION
The World Health Organization classified shift work as a probable carcinogen, largely based 
on studies of breast cancer[1]. However, evidence for colorectal cancer is increasing, and a 
recent meta-analysis suggested that longer durations of shift work might also be associated 
with a higher risk of colon cancer[2]. Sleep disturbances may mediate this association or act 
independently to increase risk of this outcome[3]. An important precursor for most 
colorectal cancers is adenomatous polyps (i.e., adenoma), making them an appealing target 
for interventions[4,5]. Yet, to date, only one hospital-based case-control study has examined 
night shift work and sleep characteristics in relation to colorectal adenoma[6]. We 
hypothesized that longer duration of rotating night shift work and extreme sleep durations 
might be associated with greater risk of adenoma in the Nurses’ Health Study II (NHS II).
METHODS
Study population
The NHS II began in 1989, when 116,430 female registered nurses, aged 25–42 years and 
living in the United States, completed a mailed questionnaire about lifestyle factors and 
medical history. Similar questionnaires updated this information biennially; response rates 
have been ≥90% for every questionnaire cycle. Information on shift work history was 
collected at baseline and repeatedly throughout follow up, and sleep duration was assessed 
once in 2001. Women began reporting lower endoscopy procedures and findings of 
colorectal polyps in 1991, which was considered “baseline” for our analyses.
We identified 56,275 women without a diagnosis of cancer (excluding non-melanoma skin 
cancer), inflammatory bowel disease, ulcerative colitis, familial polyposis, or colorectal 
polyps by 1991, who reported first-time lower gastrointestinal endoscopy (colonoscopy or 
sigmoidoscopy) between 1991 and 2011. We excluded women without an initial report of 
shift work history (n=286) and information on sleep duration (n=7,044), leaving 55,989 
women for analyses of shift work history and adenoma risk and 49,231 women for analyses 
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of sleep duration and adenoma risk. The Institutional Review Boards of the Brigham and 
Women’s Hospital and the Harvard T. H. Chan School of Public Health approved this study.
Ascertainment of colorectal adenoma
Women who reported a new diagnosis of colorectal polyps on cohort questionnaires were 
asked for permission to obtain their medical records. Study investigators, who were blinded 
to participants’ exposure status, reviewed medical records and pathology reports to confirm 
adenoma cases; they also extracted information on anatomic location, size, number, and 
histological type of adenoma. For our analyses, we considered adenoma cases that were 
diagnosed on first lower endoscopy and confirmed by pathology report.
Ascertainment of shift work history and sleep duration
Women reported their total duration of rotating night shift work at baseline in 1989 (never, 
1–2, 3–5, 6–9, 10–14, 15–19, and ≥20 years), and updated this information on biennial 
questionnaires in 1991, 1993, 1997, 2001, 2005, and 2007 (for each two-year period: none, 
1–4, 5–9, 10–14, 15–19, and ≥20 months). Because the 1995, 1999, and 2003 questionnaires 
did not include this question, retrospective assessments of rotating night shift work were 
included on the 2001 and 2005 questionnaires. We assigned participants the value of the 
midpoint of their response category, and summed these values across all questionnaires 
through the year of first lower endoscopy.
Women reported their usual sleep duration in a 24-hour period on the 2001 questionnaire; 
response categories were: <5, 5, 6, 7, 8, 9, 10, and ≥11 hours.
Statistical analysis
Age- and multivariable- adjusted logistic regression models were used to estimate odds 
ratios (OR), approximating relative risks (RR), and 95% confidence intervals (CI) for overall 
colorectal adenoma and adenoma by location and subtype across categories of rotating night 
shift work history (none, 1–4, 5–9, and ≥10 years) and sleep duration (≤5, 6, 7, 8, ≥9 hours/
day). Non-cases were women without adenoma (or with hyperplastic polyps only) detected 
at first lower endoscopy; women with no history of rotating night shift work and sleep 
durations of 7 hours/day comprised the reference categories, respectively. Linear trends were 
evaluated using the midpoint of each rotating night shift work category, and separately for 
sleep durations of ≤5, 6, and 7 hours/day and sleep durations of 7, 8, and ≥9 hours/day. We 
utilized a Bonferroni correction to determine the threshold at which p-values would be 
considered significant; therefore, we divided the p-value of 0.05 by 33 (the number of 
comparisons for which a p-value was calculated in our main analyses) and considered 
p<0.002 as indicating statistical significance.
In secondary analyses, we evaluated associations among women who underwent lower 
endoscopy for screening purposes only, and restricted to adenoma cases occurring after 
women reported sleep duration in 2001. We also evaluated effect modification by body-mass 
index and joint effects of rotating night shift work and sleep duration by adding interaction 
terms to our models.
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After adjusting for potential confounding factors, we found no association between rotating 
night shift work history and overall risk of colorectal adenoma (p-trend=0.5), and similar 
adenoma risks for women across all categories of rotating night shift work compared to 
women with no history of rotating night shift work (e.g., RR: 0.96, 95% CI: 0.83–1.11 
comparing extremes of ≥10 years of rotating night shift work history versus none) (Table 1). 
Rotating night shift work was also unrelated to risks of proximal, distal, and rectal adenoma 
(p-trends were 0.9, 0.7, and 0.3, respectively), as well as large (≥1 cm), small (<1 cm), 
advanced (large, villous, or high-grade dysplasia), non-advanced (small and tubular), 
multiple (≥2 polyps), high-risk (advanced or ≥3 polyps), and low-risk (non-advanced and 1–
2 polyps) adenoma subtypes.
In addition, there was no overall association between shorter or longer sleep durations and 
adenoma risk in multivariable models (p-trend=0.2 across sleep durations of ≤5 through 7 
hours/day, and p-trend=0.5 across sleep durations of 7 through ≥9 hours/day) (Table 1). We 
did observe a suggestion of a decreased adenoma risk for women with sleep durations ≤5 
hours/day compared to 7 hours/day (multivariable-adjusted RR: 0.83, 95% CI: 0.69–1.01), 
whereas the adenoma risk was comparable for women with sleep durations ≥9 hours/day 
versus 7 hours/day (multivariable-adjusted RR: 0.91, 95% CI: 0.76–1.09). When Bonferroni 
correction was applied, no significant trends of shorter or longer sleep durations emerged by 
adenoma location or subtype.
In secondary analyses, results were similar when we restricted our sample to women who 
underwent lower endoscopy for screening purposes only, and to cases occurring after women 
reported sleep duration in 2001. There was no effect modification by body-mass index and 
no joint effect of rotating night shift work and sleep duration on adenoma risk.
DISCUSSION
We identified no overall association of rotating night shift work history or sleep duration 
with risk of colorectal adenoma in women. Similarly, these exposures were not related to 
adenoma risk when considering different anatomic locations or subtypes separately. Thus, 
our results do not support the hypothesis that longer duration of rotating night shift work or 
extremes of sleep duration increase the risk of colorectal adenoma.
Our findings are consistent with results from a previous epidemiologic study of night shift 
work and colorectal adenoma. In that study, there was no difference in the prevalence of 
adenomas comparing participants with a history of night shift work to those without such a 
history (OR: 1.16, 95% CI: 0.85–1.59)[6], although information on duration of night shift 
work was not available. Thus, our study extends these results by suggesting that no 
association exists even among participants with up to ten years of shift work history. Given 
the growing evidence that shift work may be associated with an increased risk of colorectal 
cancer[2], inconsistent results for colorectal adenoma versus cancer (as occurred in the 
Nurses’ Health Studies) might suggest that circadian disruption acts more as a cancer 
promoter than initiator.
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Few observational studies have examined associations between sleep duration and risk of 
colorectal cancer[9–11], and the only study that previously examined this association found 
a 50% increased risk in colorectal adenoma with shorter sleep duration (OR 1.49, 95% CI: 
1.02–2.19)[6]. However, the authors did not account for confounding by important lifestyle 
factors (e.g., diet and physical activity) in their analyses; therefore, this result could be 
explained at least in part by residual confounding.
Limitations of our study should be noted. First, rotating night shift work and sleep duration 
were assessed by questionnaire, which likely resulted in non-differential exposure 
misclassification. Multiple studies have identified associations of shift work history and 
sleep duration with chronic disease in this cohort, but such misclassification could still have 
contributed to our null findings. Second, our study was conducted among women only, and 
results may not apply to men.
In conclusion, our study does not provide evidence supporting the hypothesis that longer 
history of rotating night shift work or extremes of sleep duration increase the risk of 
colorectal adenoma in women.
Acknowledgments
We would like to thank the participants and staff of the Nurses’ Health Study II for their valuable contributions as 
well as the following state cancer registries for their help: AL, AZ, AR, CA, CO, CT, DE, FL, GA, ID, IL, IN, IA, 
KY, LA, ME, MD, MA, MI, NE, NH, NJ, NY, NC, ND, OH, OK, OR, PA, RI, SC, TN, TX, VA, WA, WY.
Funding: This research was generously supported by grants from the National Institutes of Health. The National 
Institute for Occupational Safety and Health and Centers for Disease Control and Prevention funded this project 
(R21 OH010204 and R01 OH009803), with additional support from the National Cancer Institute (P50 CA127003 
and R35 CA197735). The National Cancer Institute also funds the Nurses’ Health Study II cohort (UM1 
CA176726).
REFERENCES
1. Straif K, Baan R, Grosse Y, Secretan B, El Ghissassi F, Bouvard V, Altieri A, Benbrahim-Tallaa L, 
Cogliano V. Group WHOIAFRoCMW. Carcinogenicity of shift-work, painting, and fire-fighting. 
Lancet Oncol. 2007; 8(12):1065–1066.
2. Wang X, Ji A, Zhu Y, Liang Z, Wu J, Li S, Meng S, Zheng X, Xie L. A meta-analysis including 
dose-response relationship between night shift work and the risk of colorectal cancer. Oncotarget. 
2015; 6(28):25046–25060. [PubMed: 26208480] 
3. Fritschi L, Glass DC, Heyworth JS, Aronson K, Girschik J, Boyle T, Grundy A, Erren TC. 
Hypotheses for mechanisms linking shiftwork and cancer. Med Hypotheses. 2011; 77(3):430–436. 
[PubMed: 21723672] 
4. Giovannucci E. Epidemiologic studies of folate and colorectal neoplasia: a review. J Nutr. 2002; 
132(8 Suppl):2350S–2355S. [PubMed: 12163691] 
5. Strum WB. Colorectal Adenomas. N Engl J Med. 2016; 375(4):389–390.
6. Thompson CL, Larkin EK, Patel S, Berger NA, Redline S, Li L. Short duration of sleep increases 
risk of colorectal adenoma. Cancer. 2011; 117(4):841–847. [PubMed: 20936662] 
7. Schernhammer ES, Laden F, Speizer FE, Willett WC, Hunter DJ, Kawachi I, Fuchs CS, Colditz GA. 
Night-shift work and risk of colorectal cancer in the nurses' health study. J Natl Cancer Inst. 2003; 
95(11):825–828. [PubMed: 12783938] 
8. Raskov H, Pommergaard HC, Burcharth J, Rosenberg J. Colorectal carcinogenesis--update and 
perspectives. World J Gastroenterol. 2014; 20(48):18151–18164. [PubMed: 25561783] 
Devore et al. Page 5













9. Jiao L, Duan Z, Sangi-Haghpeykar H, Hale L, White DL, El-Serag HB. Sleep duration and 
incidence of colorectal cancer in postmenopausal women. Br J Cancer. 2013; 108(1):213–221. 
[PubMed: 23287986] 
10. Zhang X, Giovannucci EL, Wu K, Gao X, Hu F, Ogino S, Schernhammer ES, Fuchs CS, Redline S, 
Willett WC, Ma J. Associations of self-reported sleep duration and snoring with colorectal cancer 
risk in men and women. Sleep. 2013; 36(5):681–688. [PubMed: 23633750] 
11. Hurley S, Goldberg D, Bernstein L, Reynolds P. Sleep duration and cancer risk in women. Cancer 
Causes Control. 2015; 26(7):1037–1045. [PubMed: 25924583] 
12. Tsai RJ, Luckhaupt SE, Sweeney MH, Calvert GM. Shift work and cancer screening: do females 
who work alternative shifts undergo recommended cancer screening? Am J Ind Med. 2014; 57(3):
265–275. [PubMed: 24488817] 
Devore et al. Page 6




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Int J Colorectal Dis. Author manuscript; available in PMC 2018 July 01.
